Serial No. 10/729,015 
Art Unit 3679 



Substitute Specification 
Clean Version 




CROSS SHAFT AND CROSS SHAFT JOINT 



BACKGROUND OF THE INVENTION 
The present invention relates to a cross shaft (a spider) 
5 and a cross shaft joint. 

In a torque transmission system in a vehicle or the like^ 
a cross shaft joint has been generally employed for the purpose 
of connecting two rotary shafts which are provided in a 
10 non-coaxial manner, or which are provided so as to be tilted 
in a non-coaxial manner. 



contact face pressure of rollers at a distal end of a trunnion 
15 of the cross shaft may increase at a time of torque transmission, 
and the rollers may break down where high load is applied. To 
avoid such break down of the rollers, the rollers are arranged 
in a plurality of rows in an axial direction in an annular space 
between an outer peripheral face of the trunnion and an outer 
20 ring cup of the roller bearing, and diameters of the rollers 
in respective rows are made successively larger from the distal 
end of the trunnion to the root thereof, thereby to substantially 
equalize the contact face pressure exerted on the rollers in 
the respective rows, at the time of torque transmission (See 
25 JP-A-11-51073, for example) . 



In this cross shaft joint, there has been a tendency that 
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In the above described related art, the more the load at 
the timeof torque transmission increases, the larger differences 
must be made between the diameters of the rollers in the respective 
rows. In this case, because radial clearances of the rollers 
5 which are reduced in diameter with respect to the trunnion will 
be made larger, the rollers become liable to skew. 

Moreover, it has been proposed that a recess substantially 
in a shape of a frustum of a cone is formed at an end face of 
10 the trunnion of the cross shaft to reduce bending rigidity of 
the trunnion. For this purpose, there is an example that the 
trunnion will be flexed at the time of torque transmission, 
whereby deflection of bending stress to the root of the trunnion 
will be reduced (See JU-A-61-141819, for example) . 

15 

However, intheabovedescribedrelatedart, it is concerned 
that in case where a large recess is formed, rigidity of the 
trunnion with respect to the load at the time of torque 
transmission may be insufficient. This is an area for further 
2 0 improvement . 

SUMMARY OF THE INVENTION 
In view of above, an object of the present invention is 
to provide a cross shaft in which durability and reliability 
25 is improved. 
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In order to solve the aforesaid object^ the invention is 
characterized by having the following arrangement. 

(1) A cross shaft comprising: 
trunnion; 

5 rolling bearings externally provided at the trunnion in 

a plurality of rows in an axial direction of the trunnion; and 
a recess formed at a distal end face of the trunnion, wherein 
a bottom region of the recess is formed in a spherical shape, 
an inner diameter of an opening region of the recess except the 
10 bottom region is set to be gradually larger toward an opening 
end edge of the recess, a depth of the recess from the from the 
opening end edge to a deepest point of the bottom region is set 
to be 30 to 70% of a total length of the roller bearings in the 
axial direction - 

15 

(2) The cross shaft according to (1), wherein the trunnion 
is provided on an outer peripheral face thereof with a plurality 
of bearing rolling faces which are successively reduced in 
diameter from a root thereof toward a distal end thereof. 

20 

(3) The cross shaft according to (1) , wherein an inner diameter 
of the opening end edge of the recess is set to be 50 to 80% 
of an outer diameter of the distal end of the trunnion, and the 
bottom region in the spherical shape has a central angle which 

25 is set to be 120 to 160 degree, and radius of curvature which 
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is set to be 50% or less of the inner diameter of the opening 
end edge of the recess . 

(4) The cross shaft according to (1) , wherein the cross shaft 
5 is made of carburized steel and roller vanishing process is 

applied to the bearing rolling face. 

(5) The cross shaft according to (1) , wherein the cross shaft 
joint includes four of the trunnions and four roller bearings 

10 are respectively mounted on the four trunnions. 

(6) The cross shaft according to (5), wherein crownings in 
a curved shape are formed at both ends of each of the rollers 
on an outer peripheral face thereof. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is an exploded perspective view of a cross shaft 
joint according to one embodiment of the invention. 

Fig. 2 is a front view showing the cross shaft joint of 
20 Fig. 1. 

Fig. 3 is a sectional view showing a trunnion of a cross 

shaft . 

Fig. 4 is a view corresponding to Fig. 3 showing a 
modification of a recess of the trunnion. 

25 
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Fig. 5 is a view corresponding to Fig. 3 showing a 
modification of the recess of the trunnion. 

Fig. 6 is a plan view showing another embodiment of the 
cross shaft joint. 
5 Fig. 7 is a sectional view showing another embodiment of 

the trunnion. 

Fig. 8 is a sectional view showing an embodiment of the 
roller . 

10 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Figs. 1 to 3 show one embodiment of the invention. In 
the drawings, numeral 1 designates a cross shaft joint. This 
cross shaft joint 1 includes a first rotary shaft 2 and a second 
15 rotary shaft 3 which are coaxially opposed and coupled to each 
other tiltably so as to transmit torque. 

The cross shaft joint 1 has a known structure including 
a cross shaft 4 and four roller bearings 5A to 5D. The cross 
20 shaft 4 has four trunnions 41 to 44. 

All the four roller bearings 5A to 5D are so-called needle 
pin rolling bearings having exactly the same structure, each 
of which includes a plurality of needle pin rollers 6, a thrust 
25 bush 7 and an outer ring cup 8 - Although not shown in the drawings , 
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sealing devices may be provided between the outer cups 8 of the 
roller bearings 5A to 5D and the trunnions 41 to 44 of the cross 
shaft 4 , so that a lubricant such as grease may be enclosed inside 
the roller bearings 5A to 5D. 

5 

The two trunnions 41, 43 of the above described cross shaft 
4 which are opposed to each other at 180 degree are fitted to 
one end of the first rotary shaft 2 by way of the roller bearings 
5A, 5B. The remaining two trunnions 42, 44 of the cross shaft 
10 4 which are opposed to each other at 180 degree are fitted to 
one end of the second rotary shaft 3 by way of the roller bearings 
5C, 5D. 

The outer ring cups 8 of the above described roller bearings 
15 5A to 5D are fitted to the two rotary shafts 2, 3 by means of 
bolts 9 or the like. Manner of fitting these outer ring cups 
8 is not particularly limited, but the invention includes all 
the methods which are generally known. The outer ring cup 8 
is provided with a grease nipple 10 for pouring the grease into 
20 the outer ring cup 8. 

In this embodiment, an improvement is made to a shape of 
the trunnions 41 to 44, which will be described below. 

25 
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Each of the roller bearings 5A to 5D has rollers 6 arranged 
in three rows in parallel in an axial direction. Each of the 
trunnions 41 to 44 of the cross shaft 4 is provided on its outer 
peripheral facewithrollingf aces 45a, 45b, 4 5c having respect ive 
5 outer diameters Dl, D2 and D3 which are gradually decreased from 
the root toward the distal end of the trunnion, and called as 
larger, middle and smaller rolling faces. These rolling faces 
45a to 45c of each of the trunnions 41 to 44 are arranged in 
three rows. Accordingly, radial clearances of the rollers 6 

10 are gradually increased from the root toward the distal end. 
Differences in outer diameter between the adjacent rolling faces 
45a to 45c of these trunnions 41 to 44 are set to be a value 
of a diameter d of the roller 6 multiplied by 0.001 to 0.005. 
In the drawings, the differences in the outer diameter of the 

15 rolling faces 45a to 45c of the trunnions 41 to 44 are 
exaggerated. By forming the rolling faces in this manner, it 
is advantageous that distribution of the contact face pressure 
exerted on the rollers 6 at the time of torque transmission is 
equalized, and it is also advantageous that the rollers 6 is 

20 prevented from skewing. 

In addition, each of the trunnions 41 to 44 is provided 
with a recess 46 in a shape of a punch bowl. This recess 4 6 
is formed at a center part of each of the trunnions 41 to 44 
25 and opens toward an end face of the trunnion. 
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A bottom region 4 6a of the recess 4 6 is formed in a spherical 
shape. An inner diameter of an opening region 46b of this recess 
4 6 except the bottom region 4 6a in the spherical shape is 
gradually increased toward an opening end edge of the recess 
46. By providing this recess 46, a cylindrical portion existing 
in a distal end part of each of the trunnions 41 to 44 of the 
cross shaft 4 becomes gradually thinner in thickness toward its 
distal end. 

In this embodiment, the above described recess 4 6 is set 
to meet the following requirements (1) to (5) . 

(1) A depth LI of the recess 4 6 from the opening end edge 
to the deepest point is set to be 30 to 70%, preferably 50 to 
60% of the total length in an axial direction of the rollers 
6 which are arranged in three rows in the axial direction. 

(2) An inner diameter DO of the recess 46 at the opening 
end edge is set to be 50 to 80%, preferably 60 to 70% of an outer 
diameter D3 of each of the trunnions 41 to 44 at its distal end. 

(3) A central angle a of the bottom region 46a of the recess 
46 in the spherical shape is set tobe 120 to 160 degree, preferably 
130 to 150 degree. 
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(4) A radius of curvature r of the bottom region 4 6a of 
the recess 46 in the spherical shape is set to be less than 50% 
of the inner diameter DO of the recess 46 at the opening end 
edge thereof. 

(5) The opening region 4 6b of the recess 4 6 has a tapered 
shape. An angle P of this tapered shape of the opening region 
46b is set to be 10 to 30 degree, preferably 15 to 25 degree. 

With reference to the above item (5), the opening region 
4 6b of the recess 4 6 may be formed in a curved shape having the 
inner diameter gradually increased toward the opening end edge 
of the recess 46. 

Incasewhere the recess 4 6 satisfying the above requirements 
(1) to (5) is provided, rigidity of each of the trunnions 41 
to 44 of the cross shaft 4 canbe reduced, while sufficient strength 
of each of the trunnions 41 to 44 is ensured. 

Although in Fig. 3, a center of curvature 0 of the bottom 
region 46a of the recess 46 is set at a position which is deeper 
than the distal end of each the trunnions 41 to 44 by a determined 
length L2, this center of curvature O may be set at a position 
corresponding to the distal end of each the trunnions 41 to 44 
as shown in Fig. 4, or may be set at a position protruding from 
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the distal end of each the trunnions 41 to 44 by a determined 
length L2 as shown in Fig. 5. 

Specifically, in the cross shaft 4 having the above 
5 described structure, since the largest bending stress is exerted 
on the curved part at the root of each the trunnion 41 to 44 
at the time of torque transmission, each the trunnion 41 to 44 
will be flexed in its entirety from the roots. As the trunnion 
is flexed in this manner, the rollers 6 in the respective rows 

10 are brought into contact with the respective rolling faces 45a 
to 45c substantially evenly at the time of torque transmission, 
and concentration of the contact face pressure to the edges of 
the rollers will be restrained. As the results, exfoliation 
life, bending fatigue strength of the rolling faces 45a to 45c 

15 of the trunnions 41 to 44 of the cross shaft 4 can be enhanced. 

For reference, in case where the recess 46 of each the 
trunnion 41 to 44 is formed in a spherical shape in its entirety 
from the bottom region 4 6a up to the opening region 4 6b instead 
20 of forming it in the tapered shape, the largest bending stress 
will not act on the root of each the trunnion 41 to 44 but act 
on the rolling faces provided with the recess 46, and the 
trunnions 41 to 44 will become defective in strength. 

25 
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To summarize the above description, the outer peripheral 
face of each of the trunnions 41 to 44 of the cross shaft 4 which 
functions as the rolling faces of the rollers provided in the 
three rows on the roller bearings 5A to 5D is formed to be reduced 
5 in diameter at three steps toward the distal end. As the results, 
distribution of the contact face pressure acting on the rollers 
6 in the respective rows at the time of torque transmission will 
be equalized to the largest extent while the rollers will be 
prevented from skewing. In addition, each of the trunnions 41 

10 to 44 of the cross shaft 4 is provided with the recess 46 having 
the above described particular structure, and therefore, each 
of the trunnions 41 to 44 will be flexed in its entirety from 
the root. As the results, the contact face pressure will be 
evenly distributed on the rollers 6 by' synergistic effects of 

15 the above features , and contribution to enhancement of durability 
and reliability of the cross shaft joint can be attained. 

By the way, it is possible to make the cross shaft 4 of 
carburized steel and apply roller vanishing process to the outer 

20 peripheral face of each of the trunnions 41 to 44 of the cross 
shaft 4 which functions as the rolling faces. In this case, 
fatigue strength of the rolling faces can be enhanced because 
residual compressive stress is generated on the rolling faces 
by the roller vanishing process, and at the same time, surface 

25 roughness of the rolling faces is improved. 
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Moreover, as shown in Fig. 8, the above described roller 
6 may be formed with crownings 50 in a curved shape at both ends 
thereof . In this case, concentration of the contact face pressure 
to the edges of the roller 6 at both ends in an axial direction 
5 can be further restrained, and the exfoliation life and bending 
fatigue strength of the region acting as the rolling face of 
the roller 6 can be enhanced. 

It is to be noted that the invention is not limited to 
10 the above described embodiment, but various applications and 
modifications can be taken into consideration. 

( 1 ) As shown in Fig . 6, passages 47 for supplying the grease 
to the roller bearings 5A to 5D and for stocking the grease can 

15 be provided in an area from the center of the cross shaft 4 to 
the bottoms of the recesses 46 of the trunnions 41 to 44. 
Respective one ends of these passages 47 are open individually 
at the centers of the bottoms of the recesses 46 of the trunnions 
41 to 44 , while the other ends of the passages 47 are concentrated 

20 into one at the center part of the cross shaft 4 to be open to 
side way of the center part of the cross shaft 4. The grease 
nipple 10 for introducing the grease is mounted to an opening 
of the passage 47 at the center part of the cross shaft 4. The 
grease nipple which has been mounted to the outer ring cup 8 

25 in Fig. 2 is omitted in Fig. 6. By introducing the grease from 



12 



Serial No, 10/729,015 
Art Unit 3679 



Substitute Specification 
Clean Version 



the grease nipple 10 by means of a grease gun or the like, the 
grease will be stocked in the respective passages 47 and supplied 
to the roller bearings 5A to 5D respectively. Particularly, 
the grease can be stocked in a large amount, since the recesses 
5 46 provided in the distal end parts of the trunnions 41 to 44 
can also serve as grease reservoirs. 

(2) In the above described embodiment, number of the rows 
of the rollers 6 in each of the roller bearings 5A to 5B may 

10 be two or more. In case where the rollers 6 are provided in 
two rows, for example, two rolling faces, large and small are 
provided on the outer peripheral face of each of the trunnions 
41 to 44 of the cross shaft 4. However, dimensional relation 
of the recess 46 is basically the same as the above described 

1 5 embodiment . 

3) As shown in Fig. 7, the outer diameter D2 of each the 
trunnion 41 to 44 at the intermediate rolling face 45b in an 
axial direction may be made equal to the outer diameter Dl at 

20 the rolling face 45a at the root- Thus, the outer diameter of 
each the trunnion 41 to 44 can be formed in two steps, large 
and small, and the outer diameter d2 of the intermediate roller 
6 in the axial direction and the roller 6 at the distal end can 
be made smaller than the outer diameter dl of the roller 6a which 

25 is located at the root of each the trunnion 41 to 44. Both the 
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outer diameter d2 of the intermediate roller 6 in the axial 
direction and the outer diameter d2 of the roller 6 at the distal 
end are set to be the same. 

5 According to the cross shaft of the invention, because 

each of the trunnions is flexed in its entirety from the root 
thereof at the time of torque transmission, the exfoliation life 
and the bending fatigue strength in the region of the outer 
peripheral face of each the trunnion which functions as the 
10 rolling faces for the rollers of the roller bearing will be 
enhanced- In this manner, contribution to durability and 
reliability of the cross shaft can be attained. 

Moreover, because the cross shaft joint according to the 
15 invention is constructed to include the above described cross 
shaft, contribution to durability and reliability of the cross 
shaft joint can be attained. 
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